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SUMMARY 



The strength of representative types of flush-riveted 
joints has "been determined "by testing 865 single-shearing, 
doubl e-shearing , and tensile specimens representing 7 types 
of rivet and 18 types of joint. The results, presented in 
graphic form, show the stress at failure, type of failure, 
and d/t ratio. In general, "dimpled" joints were appre- 
ciably stronger than countersunk or protruding-head joints, 
hut their strength was greatly influenced by construction- 
al details. The optimum d/t ratios have "been determined 
for the several kinds of joints. Photoraacrographs of each 
type show constructional details and, in several instances, 
cracks in the sheet. 

I . INTRODUCTION 



Aluminum-alloy sheet metal fastened "by rivets is wide- 
ly used as an exterior "skin" or plating on modern air- 
craft. The performance of aircraft depends to some extent 
on the smoothness of this skin "because protuberances and 
irregularities cause frictional resistance. Protruding 
rivet heads are known to "be an important source of skin 
friction "both in air (references 1, 2, and 3) and in water 
(references 4 and 5), This consideration has caused manu- 
facturers to use various "flush" rivets; that is, rivets 
the manufactured head of which is virtually continuous 
with the adjacent sheet. 

Many highly ingenious designs and techniques for flush 
riveting have been developed. Generally a recess is formed 
in the sheet "by either "countersinking" or "dimpling" to 
fit the manufactured head of the rivet. By "countersinking" 
is meant the removal of metal at one end of the rivet hole 
to form a circular bevel. "Dimpling" consists of forming 
an indentation in the sheet by means of suitable dies ap- 
plied by pressure or impact. Dimpling is used to a greater 
extent than count er sinking 'in thin sheets, but where sheets 
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are joined, /to a relatively thick structural member the 
sheet is often dimpled and the member countersunk. Details 
of flush-riveted joints used in German aircraft are given 
in reference 6. Reference 7 describes an American manufac- 
turer's production methods for flush riveting. Tools for 
drilling, dimpling, countersinking, and heading in flush 
riveting are described in reference 8. 

The procedure and assumptions used in the design of 
protruding-head or countersunk-head riveted joints for 
aircraft are substantially the same as those used for dec- 
ades in the design of other riveted engineering structures. 
An adequate concept of the strength of dimpled joints can- 
not be obtained on this familiar basis, however, because. a 
considerable portion of the load on a dimpled joint may be 
transmitted through the bearing surfaces of the dimple 
without acting on the rivet. Dimpled rivets are of major 
importance in modern flush riveting; a wide variety of con- 
structional details and fabrication techniques are used. 
Consequently, a large amount of systematic test data would 
be required to put the design of dimpled joints on a basis 
as rational as the regular procedure for designing protrud- 
ing-head and countersunk-head riveted joints. Although 
most manufacturers have made tests of the type of flush 
rivet used in. their particular aircraft, technical litera- 
ture contains ' little information useful in designing flush- 
riveted joints. It is the object of this investigation to 
obtain and make available such information. The work was 
carried out by the National Bureau of Standards at' the re- 
quest of the National Advisory Committee for Aeronautics. 



II. SPECIMENS 
1. General 

Seven airplane manufacturers and the Naval Aircraft 
Eactory cooperated by furnishing specimens representative 
of commercial production. . Each manufacturer fabricated 
specimens according to his own production methods. In ad- 
dition, two groups of specimens were fabricated at the 
National Bureau of Standards, using special-oval-counter- 
sunk and brazier-head rivets, respectively. Although 
these are not strictly flush-riveted joints, they were in- 
cluded because they are alternative types which are some- 
times used; the brazior-head specimens also permit a com- 
parison with a conventional protruding-head type. 
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2. Design 

A standardized series of single-shearing, double- 
shearing, and ten-sile (load parallel to the rivet axis) 
specimens was used. A schematic load diagram for each 
kind is given in figure 1; drawings of the specimens are 
given in figures 2 and 3. The specimens were made as el- 
ementary as possible to permit an easy comparison between 
the different types of rivet.s. 

Tensile specimens were included because it is obvious 
that some resistance to pulling the rivet heads out of the 
sheet is required, notwithstanding the . assumption by many 
designers that the strength of a rivet under tensile load 
is negligible. Probably severe conditions of tensile 
loading would more often result from accident than from 
design. Portions of the plating of aircraft have been 
known to tear off when through accident" the interior sur- 
face of the plating became exposed to the dynamic pres- 
sure of the air; the loading of a single-shearing, joint 
(fig. l) to failure is generally accompanied by bending of 
the offset members and resultant tensile loading of the 
rivet; local buckling of sheet often exerts prying forces 
on the rivets. 

The shearing specimens (fig. 2.) consisted of overlap- 
ping strips of sheet fastened by single rivets. The ex- 
pression for the width shown in figure 2 gives a constant 
ratio of net cross-sectional area of the sheet at the riv- 
et to the area of the rivet. The double- shearing speci- 
men was left optional. The specimens were held in the 
testing machine by pin connections as shown in figure 4. 
In the type of single-shearing specimen that was used, the 
deformation before failure of the sheets is believed to be 
greater and the conditions of loading more severe than if 
two or more rivets had been used in tandem or two abut- 
ting sheets had been riveted to a third sheet. 

The tensile specimen (fig. 3) consisted of two square 
sheets riveted together at the center. . Each sheet was 
bolted to a flange (fig. 5) which was connected to the 
testing machine. Specimens having different rivet diame- 
ters were geometrically similar in the plane of the sheets; 
therefore, the results are directly comparable if the d/t 
ratio is the same. The results of all tensile tests of 
riveted joints necessarily depend on the design of the 
specimen and fixture, therefore the results obtained in 
this investigation are not directly comparable with re- 
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suits obtained "by other methods.. Tensile tests of pro- 
tmding~head-ri veted joints are reported in reference 9. 
The specimen was of the same design used in the present 
investigation. 

3. Description and Macro st ructure 

All manufacturers submitted single- shearing and ten- 
sile specimens; some submitted double-shearing specimens. 
Each manufacturer is designated by a symbol A, B, C, D, 
E, I, or G. The Naval Aircraft Factory is designated by 
NAE and the National Bureau of Standards by UBS . Cross- 
sectional drawings of the joints are shown in figure 6. 
Each type of rivet is shown in the first vertical column. 
The respective types of joint for which each rivet was 
used -are shown crosswise of the figure. The types of riv- 
et are identified by one-di^it numbers. The types of 
joint are identified by two-digit numbers, of whi eh the 
first digit identifies the rivet and the last pertains to 
the type and construction of the joint (single-shearing, 
double-shearing, dimpled, countersunk, etc.) as given in 
tabl e I . 



TABLE I. Meaning of Second Digit in Joint Numbers 



Single 
shearing 


Double 
shearing 


Meaning 


1 


5 


All sheets dimpled. 


2 


6 


Machine countersunk. 


3 


7 


Protruding brazier head. 


4 


8' 


One sheet dimpled, one sheet 
machine countersunk. 



The joint numbers, number of specimens, and the mate- 
rials are given in table II. 



TABLE II. Types,. Materials, and Hum tier of Specimens 



Manu- 




Rivets 


Shee t 


Notes 


Numoer of specimens 
























f ac- ' 


Joint 


Mate- 


Specif i-. 


Mate- 


Specifi- 


Riy- 




Single 


Ten- 


Double 




turer 


type 


rial 


cation 


rial 


cation 


ets 


-Sheet 


shear- 


sile 


shear- 


Total 
















ing 




ing 




A 


62, 66 


A17ST 


A 


/Alclad) 




/6 


,6 


6 


6 


6 , . 






62,66 


24ST 


57-152-5J 


\ 24ST J 


__' 


(l 


6 


12 


12 


6 


48 


B 


11 


A J- it) I 


A WZLP R 4 Ts 


24ST. 




n. 
o 














51 


A17ST 


AW455AT) 




11066 


3 


2 


3 


z 






C 


31*35 


AT o cm 

Ai/ST 


\ 


1 


Alclad 




D 


O 


lo 




ID 


73 




- 








v 24ST ■ 














67 


D 


11 


i. r ox 


A WAPITI 


\ 


'Alclad 




O 




* 1 


1 ft 
















v 24ST 














45 


I 


21,25 


A17ST 




24ST 




6 


7 


9 


25 


6 






22 


A17ST 




.24ST 




6 


7 


6 


• 3 








24,28 


A17ST 




24ST ' 




6 






11 


3 




F 


11 


1 /5T 




24ST 




Q 


D 


ou 


OA 




63 . 




12 


17ST 




24ST 




6 


6 


12 


12 




78 . 






















: 


G- 


11 


A17ST 


2552 6A \ 


\ 


f Alclad) 


/11067 


2 


2 


30 


30 








' 11 


24ST 


2552 6A j 




y, 24ST J 


[ 11067 


2 


2 


15 


15 




90 


NAF. 


.41,45 


17ST 


46A4 


24ST 


47A10 


5 : 


4 


17 • 


18 


6 


41 


NBS 


53,57 


A17ST 






' 24ST 


47A10INT^ 




4 


60 


60 


24 










43R5INT ^ 




24SRT ■ 


47A10INtI 
















72,76 


A17ST 


43R5> INT | 




Alclad- 


47A8 j 




4 


60 


60 


24 






72,76 


17ST 


43R5INT J 

L__ J 




^ 24ST 


J 




4 

j 


30 


30 


12 


360 



1. Army specification for rivet wire-- NOTES . Grand tatal 865 

2. Air Corps specification* 

3. Air Corps standard (part of Air Corps Specification 25526A).. 

4. Navy specification... 5. Navy specification for rivet wire.. 
6. No specification given. 

7.. Manufacturer E stated that the. sheet complied with Air C&rps Specification 11067 (Alclad 
24ST) but the sheet is obviously not Alclad. Believed to be 24ST.. 
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To determine the constructional details and the oc- 
currence of cracks, specimens were sectioned through the 
rivet and phot omacrographs (figs. 7 to 11 inclusive) were 
made by the Metallurgical Division. The specimens se- 
lected for photomacrographing were one having the greatest 
and one having the least d/t ratio for each type. .To de- 
termine whether the sheet was cracked radially at the riv- 
et hole, two additional specimens of each type of dimpled 
joint were sectioned at a plane normal to the rivet axis 
and intersecting the dimpled sheet at the edge of the riv- 
et hole on the convex side. Cracks, shown in figure 10(h), 
were found in only one specimen, type 21. 

The following description of the specimens contains a 
summary of each manufacturer's statement regarding his 
specimens followed "by other information obtained from an 
examination of the specimens. 

- . Manufacturer A - rivet 6, .j oi nts ,62 and 66, figures 
"6,, and 7.- An included angle of 100°, a slight crown, and a 
cylindrical edge were shown in a drawing of type-6 rivets 
submitted by manufacturer A. He stated that the rivets 
were ..driven by hand in machine-countersunk sheets and fin- 
ished; with a rivet peen. 

'Figure 7 shows a slight crevice between the manufac- 
tured head and the sheet.' Such a crevice is said to fa- 
cilitate corrosion by retaining moisture. 

Manuf acturer_._B - rivet 1, joint 11; rivet 5 , .joint 
5 l_t_f igu'r e s_6__and_8 . - The manufacturer stated that 78 13 
countersunk-head rivets conforming to Air Corps ' Specif i ca- 
tion 25526-A, Standard Sheet AN425 type AD, wereusedin 
the - majority of the specimens (joints 11 ) and a few brazier- 
head rivets, type AN455AD, were used (joint 51.). All sheets 
were dimpled. Rivets 3/32 inch to 5/32 inch in diameter 
were driven by a pneumatic gun; rivets of diameters 3/l6 
inch and l/4 inch were driven by hand. 

Figure 8 shows that the dimple of type-11 joints was 
curved to an unusually large radius, probably to avoid ' 
cracks. The gradual curvature at the dimple introduces a 
crevice between' the manufactured head and the sheet, also 
a certain amount of waviness in the surface of the joint 
due to the la'rge diameter of the dimple. According to 
reference 6, tests of airfoils containing a pattern of an- 
nular grooves 0.007 inch deep simulating the crevice be- 
tween the head of a 3/32-incn dimpled rivet and the sur- 



rounding sheet show that such grooves increase the drag 
appreciably, even though no part of- the rivet projects 
above the sheet. 

The "brazier head of the type-5 rivets is flattened 
during driving and becomes approximately flush with the 
sheet as shown in figure 8. Severe shearing deformation 
of the sheets at the rim of the manufactured head is evi- 
dent in the type-51 joint. The top sheet has cracked at 
this location. This deformation probably resulted either 
from poorly fitting dimpling tools or from excessive pres- 
sure.. 

M anufactur er C - rivet 3. joints 31 and .35. figure s . 
6 ..and 9 Manufacturer C stated that his rivets had an in- 
cluded angle of 100° and a cylindrical edge. They were 
driven by a process termed "punch countersinking" in which 
the manufactured head forms its own dimple. A special 
"one-shot" gun was used. This rivet and process were 
adopted after considerable experimenting. The tools used 
to drive the rivet were not described, but it is probable 
that dimpling of the sheets and heading of the rivet were 
accomplished with the same tools and at the same time. An 
included angle of 100° was said to be best for self- 
dimpling heads. Heads having a smaller angle are extruded 
into the hole to some extent and the remaining material is 
severely cold-worked to a final shape, which may be too 
shallow in spite of the greater initial depth. Heads hav- 
ing included angles greater than 100° are initially too 
shallow to have adequate strength and rigidity. The pur- 
pose of the cylindrical edge on the manufactured head is 
to prevent fatigue failure which had been found to occur 
in sharp edges and also to prevent damage in handling and 
shipping. The usual type of pneumatic hammer was found 
to be inadequate for driving this form of self -dimpling 
rivet. Several powerful hammer blows were said to give 
much better results than a large number of light blows 
which work-harden the rivet unnecessarily and cause radi- 
al deformation of the sheets. : A "one-shot" hammer power- 
ful enough to drive rivets in two or three blows was de- 
veloped by manufacturer . C Punch countersinking was said 
to be most satisfactory for sheet thicknesses between 0.014 
inch and 0.064 inch. 

Gross sections of joints 31 and 35 are shown in fig- 
ure 9(a). When driving self -dimpling rivets, if the d/t 
ratio is very low the compressive stress in the manufac- 
tured head corresponding to the load required to dimple the 
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sheet "becomes so great that a very shallow manufactured 
head results. (See fig. 9(a).) 

The top joint in figure 9(a) apparently has a crack 
in the rivet shank which is shown enlarged in (b). How- 
ever, when the shank was again sectioned, as shown in (c), 
at 90° to the plane exposed in (a) and (b) no crack was 
visible. The deformed and undeformed grains of this rivet 
are shown in figure. 9(d) and (e), respectively. 

Manufa ct urer 33 - rivet 1, j o int 11 .figures .._6_and_ 8 . - 
This manufacturer stated that his 78° countersunk-head 
type A5T425D rivets, were driven "by a "one-shot" gun in 
machine-dimpled sheets. 

Figure 8 shows that the radius of the dimple was com- 
paratively short. Practically the full . depth of the man- 
ufactured head is in contact with the dimple. The rivet 
holes appear to have been redrilled after dimpling. The 
driven head in the lower joint is folded around the edge 
of "the lower sheet. • 

Manufacturer E - r ivet 2, .joints . 21, 22, 24, 25 , and 
28, figures 6 and 10.- A drawing of type-2 rivets submit- 
ted by manufacturer E showed a 78° manuf act'ured head small- 
er in diameter and depth than type 1. All rivets were l/8 
inch in diameter. It was stated that all sheets in the 
joint were dimpled simultaneously with a special tool in a 
pneumatic vibrator except in the case of 0.051- and 0.064- 
inch sheets, which were machine countersunk. Where sheets 
of these thicknesses were joined to thinner sheets, the 
latter were dimpled by "vibrating" them into the counter- 
sunk recess (types 24 and 28). The sheets in most, of the 
tensile specimens were unequal in thickness. The thinner 
sheet was adjacent to the manufactured head in every case. 
The rivets were driven with a squeezer. 

Gross sections of four joints submitted by manufac- 
turer 1 are shown in figure l"0(a). Ko cracks are visible, 
.but when tensile tests were made it became evident that 
the sheets of some of the joints were cracked at the rim . 
of the dimple. Other specimens, (c) and (e), figure 10, 
were examined subsequently and circumferential cracks 
were found. (See also (d) and (f ) , fig. 10.) The two 
cracks shown are probably the result of dimpling the sheet 
around too short a radius in an effort to obtain a smooth 
flush surface at the rivet head. 
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Figure 10(b) shows radial cracks found in the 0.040- 
inch sheet of a type-21 joint when sectioned at a plane 
normal to the rivet axis and intersecting the dimple on 
the convex side. The sheet sectioned was adjacent to the 
driven head. 

Manufacturer F - rivet 1, joints 11 and 12, figures 
6 and 8.- 78° countersunk rivets (AN425-D, Air Corps Spec- 
ification 25526-A) were used. Sheets less than 0.i02 inch 
thick were dimpled with punches having a 78° included an- 
gle for the sheet adjacent to the manufactured head, and a 
90° angle for the other. The 0.102-inch and 0.125-inch 
sheets were machine countersunk. The rivets were driven 
by a pneumatic hammer. 

Manufacturer - rivet 1. joint 11, figures 6 and 8 . - 

78° rivets (AN425AD and AN425DD , Air Corps Specification 
25526-A) were used (fig. 8). It was stated that the riv- 
ets were driven (not squeezed), presumably by a pneumatic 
hammer. The dimples shown in figure 8 are formed to a 
comparatively long radius. 

NAF - rive t 4. joints 41 an d 45. f igures 6 and 8 . - The 
Uaval Aircraft Factory furnished a drawing of their self- 
dimpling rivet. It is" similar to the brazier-head, but 
has a larger fillet between the head and the shank. The 
rivet hole is drilled with a radius- count erbo re drill, 
which forms the edge of the hole to fit this fillet. A 
recessed rivet set (fig. 12) is used at the driven head 
and a flat 'set at the manufactured head. Under the im- 
pacts of a "one-shot" hammer the shank is upset, the con- 
vex surface of the head is hammered flush with the sheet, 
and the sheets are dimpled with the same tools and at the 
same time. Three blows are required for l/8-inch rivets 
and five blows for 5/32-inch rivets. 

Objectionable "dishing" of the sheet surrounding the 
rivet was evident in these joints. 

IBS - rivet s 5 a nd 7 t joints 53. 57. 72. and 76; fig- 
ures ,6 and 11 . - Special-oval-countersunk-head rivets, type 
7, and brazier-head rivets, type 5 , were used in joints 
fabricated at the National Bureau of Standards. Specifica- 
tions for these rivets are included in lavy Department 
Specification 43H5c (designated types 1 and 2, respective- 
ly, in that specification). The crown of the type-7 rivet 
has a 1/32-inch depth for all sizes and the included angle 
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of the head is decreased with increasing diameter. The 
sheet was machine countersunk. 

The rivets were sawed to a length equal to the grip 
plus a head allowance of 1-1/4 diameters. Two methods of 
driving were used, pressing and hammering. The load was 
applied to the press-driven rivets in a hydraulic testing 
machine (fig. 13). The diameter of the driven head was 
made 1-1 / 2 times the shank diameter. The driving stress- 
es used were 150,000 pounds per square inch for A17ST and 
175,000 pounds per square inch for 17ST rivets. The drop 
hammer (fig. 14) was used for the hammer-driven rivets. 
Five equal "blows were used for each rivet. The height of 
drop, given in table III, was experimentally determined 
in advance to produce a diameter of driven head 1-1/2 times 
the shank diameter. This method of hammering was adopted . 
because it gives controllable and reproducible conditions 
of driving,. 



TABLE III. Weight and Fall of Drop Hammer 



Rivet diameter 


Hammer weight 


Fall 


(in.) 


(lb.) 


(ft.) 


1/8 


5 


1.0 


5/32 


5 


1.6 


3/16 


5 


3.1 


1/4 


20 


1.1 



Special-oval-countersunk-head rivets are also used 
in. dimpled sheets, as specified in Haval Aircraft Factory 
Process Specification PR-la for Sunken Rivet Construction 
in Bottom Plating of. Main Floats. In this case the dimple 
is of such a depth that the top of the manufactured head 
is flush with the surface of the sheet outside the dimple. 
Joints of this type were not tested in this investigation. 
According to tests reported in reference 4, this construc- 
tion offers no hydrodynamic advantage over a dimpled or 
countersunk joint in which the crown of the head projects * 
beyond the adjacent sheet. 



TABLE IV. Tensile Properties of Aluminum-Alloy Sheet 



Ma nu- 




once o 


Yi pi H 


rp priq i 1 p 
X c 11© X x c 


,£jX \J -Lift C4 




i ae— 


Material 


U ilX LJl 


DUX Cll^. ull 


O U J. C±Xg, wil 




Notes* 


lurer 


ri p e a 


in P i n x 








{ 1 h * /<an in *i 


f 1 h /on in_t 
^ X *-J • j lili y 


I T\ d T* f~* £^ Tl i". 1 




A 


Ale lad 


0.032 


'41,300 


''63,200 


18-1/2 






24ST 


• .040 


45,500 


65,800 


18 








.051 


40,100 


- 63,200 


20 








• ..064 


41,800 


64,700 


20-1/2 








.072 


43,200 


64,600 


19 








.102 


42,200 


65,000 


22-1/2 








.128 






Not submitted. 






' .162 


42,000 


'63,600 


22 




B 


24ST 


.020 


46,300 


68,300 


17 








' .025 


46,000 


68,100 


19 








r .032 


47,800 


70,600 


20-1/2 








■ .040 


45,700 


70,600 


21 








.051 


46,600 


71,200 


21 








' .064 


45,900 


70,000 


21-1/2 








' .081 


46,100 


69,500 


20-1/2 








.102 


46,500 


69 , 700 


19 




G 


Alclad 


.032 


43 , 600 


62,800 


17 






24ST 


.051 


• 41,900 


64,000 


20 








.064 


41,200 


63,500 


20 








' .090 


42,200 


65,000 


21 




D 


Alcla.d 


.016 


43,400 


62,000 


15 


Submitted with shearing specimens 




24ST 




45,300 


64, 600 


16-1/3 


" " tensile ' 11 






.025 


44,500 


63,800 


16-1/2 


11 11 shearing " 






■ .032 


44,400 


63,700 


16-1/2 


M II II H 








40,700 


61,200 


18-1/2 


11 " tensile 11 






...050 


43 , 700 


64,700 


19 


" 11 shearing " 








42,100 


63,500 


19-1/2 


" " tensile " 






.064 


41,200 


62,600 


19 


" " shearing " 








41,400 


62,700 


19-1/2 


11 " tensile " 



*The length of the specimen was transverse to the direction of rolling (transversal) unless the 
specimen is denoted "longitudinal." , The orientation was determined by inspection. 



TABID IV (Continued) 



Manu- 
fac- 
turer 


Material 


i3ucc v 

thick- 


f "lb - /pin--in»i 


i ensue 

cj^ - Y* a r> <r "f" Vi 

B ul C Ilg. u XI 

^ "I h / en i vi 1 


Elonga— 

wlUll 

in 2 in. 


-1 — — . 

Notes* 


E 


24ST 


0.020 






20-1/2 


No specimen available .. 








.025 


45,500 


69,200 








.032 


50,600 


67,900 


17 


Subside - longitudinal .•• 








.040 


46,200 


68,700 


16-1/2 










.051 






No specimen available 








.064' 


51,800 


70,900 


21 


Subsize - longitudinal 




1 


24ST 


.025 


45,400 


70,000 


20 


Subsize 








.032 


43,800 


67,100 


21 


11 








.040 


45,000 


68,300 


18 


11 








.051 


53 , 100 


71 , 700 


18 


Subsize - longitudinal 








.064 


44 S S00 


67,200 


20 


Suosize 








.102 


46,200 


70,000 • 


22 










' .'125 


49 , 100 


70,800 


19 


11 




Gr 


Alclad 


.016 


42,900 


62,200 


16-1/2 


Submitted with shearing 


specimens 




24ST 




42 , 400 


61 900 


17 


" " tensile 


11 






.020 


42,900 


61 600 


18-1/2 


" 11 shearing 


11 








42,100 


62,300 


17-1/2 


11 " tensile 


)i 






.025 


43,700 


62,800 


17 


" 11 shearing 


11 








43,200 


64,800 


18 


" " tensile 


11 






.032 


44, 600 


65,600 


18 


" " sheering 


11 








41,500 


62,500 


18 


" " tensile 


11 






.040 


41,500 


62., 900 


19 


" " shearing 


11 








42,500 


63,100 


20 


" " tensile 


11 



The length of the specimen was transverse to the direction of rolling (transversal) unless the 
specimen is denoted "longitudinal." The orientation was determined by inspection. 



TABLE 17 (Continued) 



MdnU— 

i clo- 
ture r 


Material 


thick"- 

ness 

(in*) 


l 1C1U 

S? "K T'PT1-D , 'h"h 
© u 1 w ll£i « 11 

(Ib./sq.in.) 


O u i. Clig ull 

(lb./sq.in.) 


■ t» i OH 
in 2 in. 
(percent) 


Notes* 




24ST 


0 032 


41 300 


65 300 

U(j ^ w w w 


19-1/2 










41 600 


65 600 

ww j UVv 


19-1/2 








.040 


41,300 


63 800 

ww j www 


18-1/2 








.051 

• WW -L 


41 900 

~1 j */ w w 


65 300 

WW | www 


21-1 /2 








.064 


40 400 

^Xw j t:w w 


62 800 

W*-" y WWW 


21-1/2 

w -L X / W 




MBS 


24ST 


.032 


46.200 

AW) •** w W 


69 180 

WV j J- WW 


19 






RT 

XI. J. 




54 800 


72 , 500 


15 






T alclad 




41 600 

* WW W 


63 , 400 


18 






T 


.051 


46 900 


6Q . 400 

t ^w w 


19-1 /2 






RT 




57,500 


73,400 . 


15 






T alclad 




43,500 


64,400 


19 






T 


.081 


46, 800 


69,800 


20 






RT 




56,300 


71,600 


13-1/2 






T al clad 




43,400 


65,400 


21 






T 


' .102 


41,600 


68,700 


22 






RT . 




55,700 ' 


71,800 


14-1/2 






T alclad 




42,100 


63,300 


20 





The length of the specimen was transverse to the direction of rolling (transversal) unless the 
specimen is denoted "longitudinal." The orientation was 'determined by inspection. 
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4. Mechanical Properties of Sheet and Hi vet Wire 

Samples of the sheet used in the joints were submitted 
"by most of the manufacturers. Tensile specimens conform- 
ing to Type 5, Federal Specification QQ-M-151a for Metals - 
General Specification for the Inspection of - were ..machined 
from these samples and tested with the results given in 
table IT. The yield strength was determined by the offset 
method from the stress-strain diagram using a 0.2 percent 
set. The tensile properties of all the sheets for which 
samples were available complied with the requirements of 
U.S. Army Specification 57-152-6 Type II and Havy Depart- 
ment Specification 47A10a, Condition T; the tensile proper- 
ties of' the Alclad 24ST sheets complied with the require- 
ments of U.S. Army Air Corps Specification 11067, Type II, 
and Uavy Department Specification 47A8a , Condition T. In 
several instances where samples were not provided, subsize 
specimens were tested having a 1-inch gage length and .a re- 
duced section l/4 inch wide. These were machined from 
shearing specimens of joints which had been tested. These 
results are also given' in table 17. 

Bend specimens conforming to Federal Specification 
Q,Q,-M-151a par. 18b were machined from samples of all the 
sheet used. The bend properties of all the sheet complied 
with the requirements of the specif i cations named above 
under tensile properties. 



TABLE V. Tensile Properties of Wire from Which 



OS Rivets were Made 



Rivet 
diam- 
et er 
(in. ) 


Yield 
strength . 

(lb./ sq.in. ) 




Tensile 
strength 

(lb./ sq.in. ) 


Elonga- 
tion 
in 4d 
(percent) 


A17ST 


1/8 
5/32 
3/16 
1/4 


2-5 ,500 
23 ,500 
26 ,400 
24,700 




46 ,200 
44,200 
45,900 
46 ,000 


34. 8 
33.2 
32.7 
33.8 


17ST 


1/8 
5/32 
3/16 
1/4 


34 ,300 
33 ,400 
36 ,700 
37,300 




58,700 
57,500 
61 ,300 
62,500 


• 28.9 
27.5 

■ 29.2 
30. 3 



15 



Tensile and bend specimens of the aluminum-alloy wire 
from which, the types 5 and 7 UBS rivets were made, were 
tested. The results for the tensile specimens, given in 
table V, complied with the requirements of Navy Department 
Specification 43R5c. The bend specimens also complied. 

Samples of wire representing the rivets used by the 
manufacturers were not available. 



5. Diameter of Driven Heads 

The diameter of the driven head was measured ,on each 
of the joints submitted by the manufacturers to determine 
what diameter was considered adequate by manufacturers and 
to aid in interpreting the results of the tensile test. 
The minimum, average, and maximum diameter, expressed as a 
multiple of the nominal shank diameter is given in table 
VI (p. 16) for each size of rivet used by each manufactur- 
er . 

III. TESTING 



The shearing and tensile specimens were loaded to 
fracture as shown in figures 4 and 5, respectively, and the 
maximum load was determined. For each combination of sheet 
thickness and rivet diameter in the joints submitted by the 
manufacturers, three or four like specimens were tested. 
For each such combination in NBS joints,, 15 specimens were 
tested, namely, 1 using each of three sheet materials 
(24ST, 24SRT , Alclad 24ST) in each of the following five 
groups: 17ST rivets, type 7, press-driven; A17ST rivets, 
type 7, press-driven and hammer-driven ; ;A17ST rivets, type 
5, press-driven and hammor-dri ven . 



TABLE VI, Ratio of Driven-Head Diameter' to Nominal Shanij Diameter 

! 



Shank diameter 



Manu- 
fac- 


3/32 


1//8 


5/32 


3/16 


1/4 


turer 


Min- 
imum 


Aver- 
age 


Max- 
imum 


Min- 
imum 


Aver- 
age 


Max- 
imum 


Min- 
imum 


Aver- 
age 


Max- 
imum 


Min- 
imum 


Aver- 
age 


Max- 
imum 


Min- 
imum 


Aver- 
age 


Max- 
imum 


A 








1.52 


1.60 


1.73 


1 CO 


1.57 


1.67 




l.OO 


J. . fab 








B 


1.53 


1.67 


1.86 


1.53 


1. 66 


2.03 


1.43 


1.54 


1.79 


1.4a 


1. by 


1.9<S 


l.OO 


1*66 


1.89 


G 


1. 61 


1.89 


2.20 


1.57 


1. 68 


t no 
1.8<5 


1 . Si 


1.75 


1. 88 


t r*o 
1.7o 


1 .84 


o r\c. 
o .00 








D 


1.62 


1.78 


1.91 


1.46' 


1.62 


1.80 


1.49 


1.55 


1.68 






















1.58 


1.71 


1.92 




















P 








1.62 


1.70 


1.83 


1.56 


1.65 


1.74 


1.50 


1.5S 


1.70 


1.54 


1.60 


1.67 


a 


1.50 


1.64 


1.79 


1.44 


1.59 


1.80 


1.44 


1.58 


1.66 














ME 








1.37 


1.52 


1.66 


1.28 


1.4S 
















N3S* 










1.50 






1.50 






1.50 






1.50 





K8S rivets were driven under controlled pressure or impacts such that head diameter _ i # 5Q f 
within ±5 percent. 
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17. RESULTS 
1. General 



The strength of the single-shearing, double- shearing , 
and tensile specimens is plotted (upper series of points) 
against the d/t ratio in figures 15 to 38, inclusive. 

The shearing stress at failure, S , was computed by 
dividing the maximum load P by the nominal cross-section- 
al area of the rivet for the single-shearing specimens and 
by twice the nominal area for the double- shearing speci- 
men s : 



S s = 



S s = 



4P 



TTd' 

2P_ 

TTd E 



2 for single-shearing specimens 



y '(i) 



for double-shearing specimens 



J 



The tensile stress at failure was computed for the tensile 
specimens by dividing the maximum load by the nominal cross- 
sectional area of the rivet. In computing the d/t ratio, 
the average of the measured thicknesses of both sheets was 
used for the single-shearing and tensile joints except 
where the two sheets were not of the same nominal thick- 
ness (types 21, 22, and 24). In this case the lesser 
thickness was used. Either the average thickness of the 
outer sheets of the double-shearing joints or half the 
thickness of the. inner sheet, whichever was the lesser, 



( t™^ n ) , was used. 



'mi n 

The bearing 
the curves shown 
curves are drawn 



stress at failure may be estimated from 
in the plots of shearing strength. These 
for constant values of bearing stress: 



Sv = — for single-shearing specimens 



dt 



2 at 



mi n 



(2) 



for douhle-shearing specimens 



They were calculated by eliminating P from (l) and (2) so 
that 
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S-„ = - -f Sc. for single-shearing specimens 
0 4 t s 



TT CL 

= — — S s for double-shearing specimens « 

4 ^min J 



r 



(3) 



The lower series of points in figures 15 to 38 indi- 
cates the rivet diameter (number = diameter in thirty- 
seconds of an inch) and the type of failure. (For meaning 
of symbols, see table VII (p. 19). Each point in the lower 
series corresponds to a point in the upper series plotted 
directly above it. Corresponding points in the two series 
can be identified by the similarity of their position with 
respect to other points. For example, in figure 15 the 
single-shearing specimen having the greatest strength is 
one of a group of three whose d/t ratio (abscissa) is 
1.5. The ordinate of this point is S g = 47,500 pounds per 
square inch. Interpolation between the curves S- D = 40,000 
and 60,000 pounds per square inch, shows the bearing stress 
at failure to be about 55,000 pounds per square inch. The 
highest point in the lower series shows, that the rivet di- 
ameter for this specimen was 6/32 or 3/l6 inch, and the 
specimen failed by type j, which is shearing of the rivet 
shank (from table VII ). 

The Vickers number was determined on the manufactured 
head of some of the rivets used by manufacturer F to deter- 
mine whether the six rivets in the type-12 joints which ?aad 
low strengths (d/t = 1.5., three single-'shearing and three 
tensile, fig. 24) also had low Vickers number.. The Vickers 
number of these six rivets was found to be appreciably lower 
than the Vickers number. of the other rivets used by manufac- 
turer I, This may be indicative of a rivet alloy other than 
17ST, or of improper heat treatment of these six rivets. 

Typical failures of shearing and tensile joints are 
shown in figure 39. When comparing the strengths of dif- 
ferent types of joints, it should be remembered that 

(a) The same alloys were not used in all joints, 

(b) The range of d/t is not the same for all groups, 
although in most cases the ranges overlap each other, 

(c) The plotted results exhibit considerable scatter 
in some cases, and 



(d) The trend of curves representing the strength of 
different types of joints may be different. 
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TABLE VII. Typos of Failure 



Meaning 



Rivet canted appreciably in direction of load- 
ing . 

Manufactured head pulled through sheet. 
Driven head pulled through sheet. 
Sheet tore at manufactured head. 
Sheet tore at driven head. 

Inner sheet tore (double-shearing joints). 

One sheet ruptured at circumference of dimple. 

Part or all of manufactured head sheared from 
shank . 

Part or all of driven head sheared from shank. 
Hi vet shank sheared. 

Rivet shank crushed, ultimately failed "by shear 
ing . 

Rivet hole in an outer sheet elongated, shank 
canted and failed with jagged tearing frac- 
ture under combined shearing, tensile, "bend- 
ing, and bearing stresses. 

Rivet shank failed with tensile fracture., 

2. Single Shearing 

Figure 40 is a diagram summarizing the test results 
for all single-shearing specimens. Average strengths for 
like specimens were used in plotting this diagram. The 
lines indicate for a given d/t ratio, the upper and lower 
limits of the shearing and "bearing stresses at ultimate 
load for each class of joint. For simplicity, all types, of 
dimpled joints are grouped together in one class. 



The lines designated "by numbers in figure 40 may be in 
terpreted as follows: 
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(1) Designates scattered points which appear anomo- 
lous for no obvious reason. Generally the range of &/ t 
was too limited to establish the trend of a line repre- 
senting these points. 

(2) A horizontal line indicates that the shearing 
stress is critical and shows the range of d/t for maxi- 
mul ultimate shearing stress. 

(3) A vertical line indicates that the hearing stress 
is critical and shows the range of d/t for maximum ulti- 
mate bearing stress. 

(4) A line showing decreasing ultimate shearing 
stress with increasing ultimate hearing stress indicates 
that both shearing and bearing stresses are critical. In 
this transitional range of d/t neither the ultimate 
shearing stress in the rivet nor the ultimate bearing 
stress in the sheet attains its maximum possible value. 

(5) A line showing decreasing ultimate bearing -stress 
with increasing d/t ratio at the greater values of d/t 
probably reflects buckling of the sheet before tearing 
failure occurs. 

(6) A line showing decreasing ultimate bearing stress 
with decreasing d/t ratio for dimpled specimens probably 
reflects the decreasing "keying effect" of the dimple for 
joints employing self-dimpling rivets (types 31 and 51 ) as 
d/t is decreased below a critical value. The dimple tends 
to become shallower as d/t is decreased. 

The lines described under (5) and (o) above are rath- 
er doubtfully defined by the data, because they stand at 
the extremes of the available range of d/t ratios. It 
is possible that an extension of the range of d/t ratios 
investigated wotild alter the pictxtre in this respect, but 
such extreme Values of d/t are of little practical im- 
portance. 

A trend of variation with respect to d/t is evident 
in the type of failure as well as the strength of the dim- 
pled joints, as follows: 
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d / t ratio 



Less than 2.8 

2.3 - 4.9 
(about 6 0 per- 
cent of the 
dimpled joints 
tested fall in 
this range) 



Great e r than 4 . 9 



Nature of Failures (see t able 71 1 ) 



Rivet failure (type j) exclusively. 

Transitional between rivet and sheet 
failure : 

Type j (with a, d, or c in some 
cases), parti cularly in lower part 
of range. 

Type h, and a few type i (manufac- 
turer B only) together with a and 
d , o o r g . 

Type b or c with d, o or both and 
generally a, part i c-alarly in the 
upper part of the range. 

A few type g with a and d or e (man- 
ufacturer Or only). 



Sheet failure. 

ITea.rly all type b or c, with 
or both, and generally a. 



d , e 



A few type e.and type g with a ana 
d or e (manufacturer G only). 



One rivet failure, type 
manufacturer F. 



aeh, = 6.0, 



noted that 
d/ t ratio 
lines ( 2 ) , 



the values bounding the above 
correspond closely to the val- 
(3), and (4) for dimpled joints 



It is to be 
three ranges of 
ues at which the 

jein each other in figure 40. By considering together the 
dependence of strength on d/t ratio, according to figure 
40, and of failure type on d/t ratio, according to the 
preceding tabulation, and regarding this latter quantity 
as a parameter, the relationship of strength to failure 
type may easily be seen. 



Figure 41 shows, on a diagram similar to figure 40, 
the detailed comparison among dimpled rivets between the 
various manufacturing techniques and rivet types. Each 
line on figure 41 is to be interpreted in similar manner to 
those on figure 40. 
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An examination of the results for the single- shearing 
specimens discloses the following significant points: 

The critical shearing stress for protruding-*head riv- 
ets is the same as for machine-countersunk rivets of the 
same aliLpy, Taut for the former, the critical bearing stress 
and the d/ 1 ratio at whi ch hearing stress "becomes criti- 
cal are higher. The scatter of the results on these joints 
is partly due "to differences in sheet material; when shear- 
ing stresses are critical, joints in alclad material are 
slightly stronger than joints in 24ST and 24SRT, and vice 
versa when "bearing stresses are critical. Ho significant 
difference can be found in the data "between press-driven 
and hammer-driven rivets. 

In some cases dimpled rivets had nearly twice the 
shearing and bearing strength of "brazier and countersunk 
rivets. Figure 41 shows that in general the joints of 
manufacturer G- (type-ll) had the greatest strength, and 
that the difference between results (for type-ll joints) 
from different manufacturers is considerable. Jfo conclu- 
sive explanation of this difference can be given, but a 
comparison of the photomacrographs (fig. 8) of the type- 
ll joints having the greatest strength (D and G- ) and the 
others (B and F ) shows that in the former the sheets 
conform more closely to each other and to the rivet, with 
little or no void between them and a greater portion of 
the manufactured head in contact with the sheet. The test 
results for type-ll joints (fig. 25) show no significant 
difference in the, shearing strength of dimpled joints em- 
ploying A17ST and 24ST rivets, respectively. These consid- 
erations support the conclusion that details of design and 
technique of fabrication predominate in determining the 
strength of a dimpled joint. 

Over a limited range of d/t the type-41 joints were 
approximat ely equal' to the best type-ll joints in strength; 
the results for the type-41 joints were unusually consist- 
ent . 

3. Tensile 

A general classification with respect to principal 
types of failure, similar to that made for single-shearing 
joints, may also be made for the tensile joints as fol- 
lows: 
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d /t ratio 1^ Ii^BZe_o£_lsilBi;.§^_-Xsee_tabl_e_VIl2 



Less than 2.1 


Rivet failure exclusively: 

A few type m at the least values 
n-f" fl/f r^tin C TT"RS nnl?) 

Type h. 


2.1 - 4.0 


Transitional between rivet and sheet 




f ai lures : 




Type h or dh (one type i, manufac- 




turer b) . 




Type b, or bd with or without g or 




Some type c, or ce with or without 




§ or h. 




A few type g. 


Greater than 4.0 


Sheet failure exclusively: 

Type bd or ce with or without g. 
Type € with or without d or e. 



Per tensile joints, these three classes do not corre- 
spond to any well-marked trends of the plotted data. Ho 
quantitative criteria are known, analogous to shearing 
stress (for rivet failure) and hearing stress (for sheet 
failure) in the case of shearing joints, to .which critical 
values defining the tensile strength -of a joint may he as- 
signed. 

The stress which is actually critical for rivet fail- 
ure (except type m, tensile shank failure) is a combined 
bending and shearing stress on a cylindrical surface, which 
is the projection into the head of the lateral surface of 
the shank. 

For sheet failure, the stress which is actually crit- 
ical is either a hoop stress around the edge of the hole, 
or, for some dimpled joints, a combined shearing and bend- 
ing stress at the most sharply curved section of the dimple. 

Up to a d/t ratio of about 4, type-41 joints had the 
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greatest tensile strength; for d/t ratios above 4, type- 
31 joints were stronger. T7rpes-21 and 24 joints had the 
least t ensile . st rength. 

The low tensile strength of some of the type-21 and 
24 joints was definitely identified with the cracks in the 
sheet at the rim of the dimple, shown in figure 10(d) and 
(f). In type g failures the fractures occurred at the lo- 
cation where cracks were found in some of the joints. How- 
ever, it is improbable that all of the joints failing "by 
type-g had cracks. T;rpe-g failure was not confined to 
types-21 and 24 joints only. 

At the higher values of d/t many of the joints 
failed "by pulling the driven head through the sheet, "but 
it is not "believed that in many cases the tensile strength 
would "be increased appreciahly by increasing the driven- 
head diameter (given in table VI) because tearing of the 
sheet commenced underneath the head at the edge of the hole. 



4. Double Shearing 

Fewer types of double-shearing specimens were submit- 
ted than were types of single-shearing and tensile specimens 
and the range of d/t covered by each type was generally^ 
less. Consequently, a classification of failure types, 
like those made in sections 2 and 3 above, is more diffi- 
cult. Rivet failure (type j) exclusively occurred when 
d/t was less than 3.6 and transitional failures (types k 
and I., mingled with type j and with type b) occurred when 

-r = 3.6 - 6.8. No specimens having a d/t ratio greater 
than 6.8 were tested. 

For machine-countersunk joints (manufacturers A and 
IBS) the ultimate shearing and bearing stresses- had about 
the same relation to d/t ratio as for the single shear- 
ing joints of these manufacturers. For self-dimpling riv- 
ets (manufacturers C and 1TAF ) the ultimate shearing stress 
was lower than for comparable single-shearing joints. Prob- 
ably this effect may be ascribed to the longer grip in 
double-shearing joints as compared to single-shearing 
joints of the same d/t ratio, which results in. a shallow- 
er dimple. No double-shearing joints were submitted which 
would show whether the great superiority of some dimpled 
single-shearing joints over machine-countersunk joints 
could be duplicated for double- shearing joints. 
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The type-45 joints and the type-66 joints having 24ST 
rivets had the greatest strength of all double-shearing 
joints submitted. 

V. conclusion 



The mechanical properties Of a joint,, its surface 
smoothness, the occurrence of cracks, and the cost of pro- 
duction are all determining factors in selecting a flush- 
riveted joint. The importance of each of these interrelat- 
ed factors must he decided by the manufacturer for each 
particular application. For this reason, it seems imprac- 
ticable to rate individual types or to make a general state-" 
ment regarding their merits. 

Concerning the strength of flush-riveted joints in 
aluminum-alloy, the following conclusions may be drawn 
from data obtained in this investigation; 

The optimum value of d/t ratio was the highest val- 
ue for which shearing stress alone is critical, unless a 
high tensile strength is important, in which case a some- 
what lower d/t ratio may be indicated. Approximate av- 
erage values, for the optimem d/t ratio, neglecting ten- 
stile strength, were as follows 5 



Class of joint 


d/t 


Si n fljle 


-shearing machine countersunk 


2.1 


Single- 


shearing dimpled 


2.8 


Single- 


shearing protruding (brazier) head 


3.7 


Doubl e- 


shearing 


' 3.6 



At d/t ratios below 2.1, machine-countersunk joints 
had approximately the same shearing strength as brazier- 
head riveted joints. This strength was slightly higher 
for joints in alclad sheet than for joints in other sheets 
of the same alloy. Although dimpled joints of different 
designs from different manufacturers showed wide varia- 
tions in strength, almost all dimpled single-shearing 
joints having a d/t ratio above 2.1 showed an important 
advantage in strength over machine- count er sunk joints. 
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This value of d/t is probably the lower limit at which 
satisfactory dimpling can he performed. 

A detailed comparison of the. strength of the various 
types of single-shearing joints submitted by manufactur- 
ers for this investigation is shown in figures 40 and 41. 

The number of cracks found in randomly selected dim- 
pled joints emphasizes the need for' avoiding severe bends 
when flanging the sheet to form the dimple. Unfortunately, 
it does not seem practicable to use a bend of long radius 
at the dimple without introducing bulging of the sheets 
and a crevice between the manufactured head and the sheet. 
The recent trend toward a larger included angle of the man- 
ufactured head (100° - 120°) seems to offer a partial so- 
lution of this difficulty in that the smaller bend angle 
at the dimple permits a sharper bend without danger of 
rupture; some reduction in the shearing strength would be 
expected to accompany this increase in the included angle'. 
The tensile test of joints was found to be effective in 
detecting circumferential cracks in the sheet at the edge 
of the ■ dimple . • ■ 
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Figure 1.- Schematic diagram of specimens showing loads. 
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Figure 3.- Shearing specimens. 
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Figure 6.- Types of rivets and joints. 
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Figure 5.- Tensile specimen 

after failure show- 
ing fixture. 



Figure 14.- Drop hammer used to drive IBS 

rivets. The specimen A is clamped to 
the aligning frame B which slips over the 
fixed rivet set 0. The movable set D is 
connected to the anvil I. The hammer F is 
raised to a predetermined height indicated 
on the graduated guide tube G and released. 
The weight of the support H is large com- 
pared to the weight of the hammer. 



N.A.C.A. 



Fig. 7 
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manufacturer 5?hs joint auabers (see fig® 8) 
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Fig. 8 
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Figur® 9.- Joiats and rivet , manufacturer C. (a) cross 

TOCtioa of joints; (to) photomicrograph, of top 
rivet in (a); (c) photomicrograph of sam® rivet sectioned 
&% right angles to plane exposed ia (a) and (b) ; (d) mi- 
erostructure of cold-worked metal in the drives head of 
the gam© rivet ; (©) micro structure of the sam© rivet 
showing unde formed grains. 
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Fig. 10 




Fig-ore 10.- (a) Cross section of joints, Manufacturer 1 

(b) radial cracks in dimpled sheet at edge 
of rivet hole; (c) and (a) location of cracks shown, en- 
larged in (d) and if) respectively . 
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Figure 11.- Cross section of MBS spec ial-oml -count ersunk-. 
head-riveted joints. 
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Figure 12.- Tools for driving HAF rivets. 



50 



40 



if 



30 



*>20 

•S 

b 



40 


OOO IL 
80 1 

ft ' 










SO 

Mfr. A 


te/ac/ ; 
-/Ve/s 


•/jee/ - 






c 

\ OA 






























r 


\ 








ej. 


























4a J- 


,•=-5/ 





















Figure 16.- Test results for double-shear- 
ing specimens, manufacturer A. 
Points In the upper series indicate the 
stress at failure. Directly below each of 
these a corresponding point is shssn to 
indicate by number and letter symbols the 
rivet diameter in units of 1/33 in. and 
the type of failure (table V) respectively. 




Figure 13.- Fixture used to drive NBS rivets "by compressive loading in - 
a testing machine. w 
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Figure 15.- Test results for single-shearing and tensile specimens, manufacturer A. Points in 

the upper series indicate the stress at failure. Dlreotly below eaoh of these a 
corresponding point is shown to indicate by number and letter symbols the rivet diameter in 

units of 1/32 in. and the type of failure (table 7) respeotively . 
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Figure 17.- Test results for single-shearing and tensile specimens, manufacturer B. Points in 

the upper series Indicate the stress at failure. Directly below each of these a 
corresponding point is shown to indicate by number and letter symbols the rivet diameter in 
units of 1/33 in. and the type of failure (table 7) respectively. 
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Figure 18.- Teat results for single-shearing and tensile specimens, manufacturer C. Points in 

the upper series indicate the stress at failure. Directly below each of these a 
corresponding point is shown to indicate by number and letter symbols the rivet diameter in 
units of 1/33 in. and the type of failure (table 7) respectively. 
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Figure 19.- Test results for double-shear- 
ing specimens, manufacturer C. 
Points in the upper series indicate the 
stress at failure. Directly below each of 
these a corresponding point is shown to 
indicate by number and letter symbols the 
rivet diameter in units of 1/33 in. and the 
type of failure (table 7) respectively. 
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Figure 31.- Test results for tensile specimens, manu- 
facturer D. Points in the upper series in- 
dicate the stress at failure. Directly below each of 
these a corresponding point is shown to indicate by num- 
ber and letter symbols the rivet diameter in units of 
1/33 in. and the type of failure (table 7) respectively. 
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Figure 82.- Test results for single-shearing and tensile specimens, manufacturer E. Points in the 

upper' series indicate the stress at failure. Directly below each of these a correspond- 
ing point is shown to indicate by number and letter symbols the rivet diameter in units of 1/32 in. 
and the type of failure (table 7) respectively. 



K.A.C.A. 



rig*. 23,24,26 



SO 



40 



§ 



S so 



















MTr r, 
Joint S5 
. BO 
AI7ST rive 


ts 








24S 




t 






5,, i.oc 


O/b/i 
-ISO-I 


q. in. 








—80- 

A 


60 








\ 


\ 


O \ 














\ 


















4de 


1bde. 
>l~V 


,4dfi 


I 






4h 


9 4di 


'4ot 


def 

















10 IS 



Figme 23.- Test results for double-shear- 
ing specimens manufacturer £. 
Points in the upper series indicate the 
stress at failure. Directly below each of 
these a corresponding point is shown to 
indicate by number and letter symbols the 
rivet diameter in unita of 1/33 in. and the 
type of failure (table 7) respectively. 
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Figure 36,- Test results for tensile specimens, manu- 
facturer G. Points in the upper series 
indicate the stress at failure. Directly below eaoh 
of these a corresponding point is shown to indicate 
by number and letter symbols the rivet diameter in 
unite of 1/33 in. and the type of failure (table 7) 
respectively. 
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Figure 34.- Test results for single-Bhaaring and tensile specimens, manufacturer F. Points in the 

upper series indicate the stress at failure. Direotly below each of these a correspond- 
ing point is shown to indicate by number and letter symbols the rivet diameter in units of 1/33 in. 
and the type of failure (table 7) respectively. 
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Figure 27.- Test results for single-shearing and tensile specimens, manufacturer NAF. Points 

in the upper series indicate the stress at failure. Directly oelow each of these a 
corresponding point is shown to indicate hy number and letter symbols the rivet diameter in 
units of 1/33 in. and the type of failure (table 7) respectively. 
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Figure 28.- Teat results for double-shear- 
ing specimens, manufacturer 
NAF. Points in the upper series indicate 
the stress at failure. Directly below each 
of these a corresponding point is shown to 
Indicate by number and letter symbols the 
rivet diameter in units of 1/33 in. and the 
type of failure (table 7) reapeotively. 



50 





1 1 

Mfr. N.B.S. 
Joint 76 








□ / al 
o 24ST si 
a 24SKT 


ci a a sr 












































r 


\ 










40 

•b.1.00 


80 
0/b/sc 


. in. 


0 




IT,,..- V 


i 










6'k 


881 





















a 

t.in 



10 



Figure 30.- Test results for BBS A17ST 
press-driven special-oval- 
countersunk-head-riveted double-shearing 
specimens . Points in the upper series 
indicate the stress at failure. Direotly 
below each si these a corresponding point 
is shown to indicate by number and letter 
symbols ths rivet diameter in units of 
1/33 in. and the type of failure (table 7) 
respectively. 
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Figure 33.- Test results for UBS 17ST press-driven special-oval-countersunk-head-riveted 

single-shearing and tensile specimens. Points in the upper series indicate the 

the stress at failure. Directly below each of these a corresponding point is shown to indicate 

by number and letter symbols the rivet diameter in units of 1/33 in. and the type of failure 
(table 7) respeotivelv. 
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Figure 39.- Test results for HBS A17ST press-driven special-oval-countersunk-head-riveted- 
eingle-shearing and tensile specimens. Points in the upper series indicate the 
stress at failure. Directly below each of these a corresponding point is shown to indicate 
by number and letter symbols the rivet diameter in unitB of 1/33 in. and the type of failure 
{table 7) respectively. 
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Figure 31.- Test resulte for NBS A17ST hammer-driven speoial-oval-countersunlc-head-riveted 
single-shearing and tensile specimens. Points in the upper series indicate the 
stress at failure. Directly below each of these a corresponding point is shown to indicate by 
number and letter symbols the rivet diameter in units of 1/33 in. and the type of failure 
(table 7) respectively. 
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Figure 32.- Test results for HB8 A17ST 

hammer-driven special-oval- 
countersunk-head-riveted double-shearing 
specimens. Points in the upper series in- 
dicate the stress at failure. Directly 
below each of these a corresponding point 
is shown to indicate by number and letter 
symbols the rivet diameter in units of 
1/33 in. and the type of failure (table 7) 
respectively. 
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Figure 34.- Test results for HBS 17ST 

press-driven Bpecial-oval- 
countersunk-head-riveted double-shearing 
specimens. Points in the upper series 
indioate the stress at failure. Direotly 
below each of these a corresponding point 
is shown to indioate by number and letter 
symbols the rivet diameter in units of 
1/38 in. and the type of failure (table 7) 
respectively. 
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Figure 35.- Test results for SBS A17ST press-driven brasier-head-riveted single-shearing and ten- 
sile specimens. Points in the upper series indioate the stress at failure. Direotly 
below each of these a corresponding point is shown to indioate by number and letter symbols the 
rivet diameter in units of 1/32 in. and the type of failure (table 7) respectively. 
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Figure 36.- Tast results for UBS A17ST 
press-driven brasler-head- 
rivatad double-shearing speoimene. Points 
In the upper aeries indioate the stresa 
at failure. Directly below eaoh of these 
a corresponding point is shown to indioate 
by number and letter symbols, the rivet di- 
ameter in units of 1/33 in. and the type 
of failure (table 7) respectively. 
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Figure 38. 
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Test results for UBS A17ST 
hammer-driven brazier-head- 
rlveted double-shearing specimens. Points 
in the upper series indicate the stresB at 
failure. Directly below each of these a 
corresponding point is shoira to indicate 
by number and letter symbols the rivet 
diameter in units of 1/32 in. and the type 
of failure (table 7) respectively. 
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Figure 39*- ^pieal failures of test specimens^ The symbols 

designate the amaufaciurer, the joint aumber 
(figure 8} , the rivet diameter ia thirty-seconds of an iaeb 
sad the typ® of failure (table ?}* 
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